A cardiogenic hypertensive chemoreflex was studied in 38 anesthetized and three unanesthetized dogs. Serotonin (100 gg/ml) injected into either the left atrium or small branches of the proximal left coronary artery produced a maximal response, with 96 18 mm Hg increment in mean aortic pressure within 6 + 2 seconds, lasting about 1 min; a later phase of the same hypertension lasted 9 ± 5 minutes more and could partially be produced with serotonin injected into the thoracic aorta. Injections into the distal left coronary artery produced only the Bezold-Jarisch reflex. Concomitant with the immediate hypertension there were vagal and sympathetic efferent effects in both the sinus node and the atrioventricular (A-V) junction. Either of these effects could be selectively eliminated and the other augmented by direct local perfusion with an appropriate cholinergic (atropine 10 gg/ml) or adrenergic f-receptor (propranolol 10 gg/ml) blocking agent. Bilateral vagotomy markedly attenuated but did not eliminate the acute hypertension, but it abolished both chronotropic and dromotropic effects. Phentolamine (2 mg/min i.v.) markedly diminished the hypertensive response. Guanethidine or reserpine pretreatment markedly diminished the hypertensive response; reserpine eliminated the electrophysiologic effects but guanethidine did not. Infiltration of serotonin around the main left coronary partially reproduced the reflex, but similar infiltration of xylocaine hydrochloride blocked the reflex. Serial section histologic studies of the region around the main left coronary artery in seven dog hearts and nine human hearts demonstrated the presence of a small structure resembling a chemoreceptor; its blood supply originated from the left coronary artery. Some possible clinical implications are discussed.
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REGULATION OF THE CIRCULATION
depends to a great extent on a number of caediovascular reflexes. The afferent component of these reflexes begins with the activation of neural receptors which are primarily of two types, those which respond to mechanical stimuli such as stretch or other spatial deformation, and those which respond to chemical stimuli such as low oxygen tension or an acid pH. Among the more familiar baroreflexes are those caused by changes of arterial pressure which activate mechanoreceptors in the aortic arch or carotid sinus. Although chemoreflexes are probably best known as responding to hypoxia by activation of receptors in the carotid body, the literal definition of a chemoreflex only requires that it respond to a chemical stimulus.
For over a century it has been known that veratridine and a variety of other compounds can elicit a chemoreflex from the heart, consisting of bradyeardia, hypopnea and hypotension.1 2 The afferent component of this Bezold-Jarisch reflex courses in the vagus3 and its intracardiac egress is via a narrow funnel surrounding the main left coronary artery. 4 Whether the Bezold-Jarisch reflex has either physiological or clinical significance or is simply a pharmacological curiosity has long been debated. Certain events during the course of acute posterior myocardial infarction in man closely mimic the experimental situation,5 but there are several possible nonreflex explanations of the human events. 4 6 Recently Eckstein and his colleagues have reported their observations on a chemoreflex which originates within the heart and which is excitatory in nature, a major response being arterial hypertension. 7 The site at which the reflex originates was carefully examined in over 200 canine experiments. Although the location of this site varied slightly, it was most often within the first few millimeters of the proximal portion of the left coronary artery. Eckstein and his colleagues also reported the identification of tissue resembling carotid body in those locations but did not provide histological illustrations. A number of agents or procedures produced the reflex, including the creation of local hypoxia, but one of the more powerful stimuli proved to be serotonin (5-hydroxytryptamine Serotonin itself directly prodduces a gradual slowing of the sinus node to a mo(lerate degree. ' A delayed sinus bradveardia which appeared after inijection of serotonin into the left atriuim was due t) recirculation and couild be reproduced in the present experiments either by injection of serotonin downstream from the heart and coronary eirculationi or by direct perfusion of the sinus node itself in seven dogs.
Several effects on the sinus node occurred more immediately, however, anid were concomitant with the initial acute hvpertensive effect. The structure outlined /itb1 )lack airront)s in X ivas locater! ltss than a miillimeterfrom t1/it Iatlill left cOrOltiali/ art(er?tJ, arid ti(nsntial (11 essel penetattini it orggiat,(1 fri f/rim tbma'n loft c(oronarl/ artcryl of this 20-f1 ce-a;011rrio tii it liot An P ion ii o1ra 1 The site of origin of this hvpertensive chemoreflex must be from or near the proximal coronarv arterial circutlation, most often the first fex,v millimeters of the left coronary or its immediate major branches. In addition to the natuLre of responses following injections of serotonini inito appropriate extracardiac sites and the proximal or dlistal coronary eircullation, three other observations snipport the site of origin as most ofteni being the proximal left coronarv eirculation. The first is the attenuation of the reflex by local infiltration of xylocaine arouind the main left coronary artery (fig. 4) [28] [29] [30] There is evidence that some component of the sympathetic excitatory reflex during acute myocardial ischemia may course directly to the spinal cord and back, rather than to the brain.3' A similar "spinal reflex arc" may explain why bilateral vagotomy in our own experiments failed to eliminate all of the acute pressor response. However, there is no question that most of the acute hypertension (but not the delayed longer phase) and all of the immediate electrophysiological effects depended on the presence of intact vagus nerves.
In most respects this cardiogenic hypertensive chemoreflex resembles a mirror image of the BezoldJarisch reflex, the former being predominantly excitatory in nature while the latter is mainly depressor. However, while serotonin elicits the excitatory reflex when perfused selectively into certain proximal segments of the left coronary artery, it produces only hypotension when injected selectively into the distal left coronary tree ( fig. 7) . Serotonin may thus elicit either reflex from the heart, depending on the site of administration. When both areas are stimulated nearly simultaneously by serotonin, as after left atrial injection, the excitatory response clearly predominates.
Another feature shared by both the excitatory and depressor chemoreflexes is their alteration by local anesthesia directly around the main left coronary artery. Although hypertension was only attenuated by this procedure while the Bezold-Jarisch hypotension was eliminated,4 the excitatory reflex is clearly the more powerful and probably more difficult to suppress. More important, the anatomical site for interdicting either of these opposing responses appears to be essentially the same and it is in a very small region directly around the main left coronary artery. This region is also the location of what appears to be chemoreceptor tissue (figs. 12, 14 and 15 Of the several physiological characteristics of the Circulation, Volume 52, August 1975 serotonin chemoreflex, easily the most striking is the acute arterial hypertension. This represented a virtual doubling of the diastolic pressure within seconds, and the peak was followed by only a gradual return to control levels many minutes later. A relatively delayed hypertensive response to serotonin has been previously reported by others.33 34 Although some hypertension of the delayed type was also produced by serotonin injections into points downstream from the coronary arteries in our own experiments, this was neither as marked nor as prompt as when serotonin initially coursed through the proximal coronary circulation. This would suggest that whatever the mechanism of the prolonged hypertension, the immediate peak response acts to "set" it at a higher level than was found if the initial peak did not occur. Since the initial peak hypertension did not occur with extracardiac injections of serotonin, it is difficult to attribute the very first component of the pressor response to either a direct or indirect action by serotonin on peripheral arterial resistance vessels themselves. However, since alpha-receptor blockade with phentolamine virtually eliminated the hypertension, it is most likely reflex sympathetic peripheral vasoconstriction which is responsible for the acute hypertension. Because no hypotension of note occurred when serotonin was administered during the adrenergic alpha-receptor blockade, it seems unlikely that there is a significant concomitant peripheral vasodilator action of serotonin administered into the left atrium. The other well known effects of serotonin, such as pulmonary vasoconstriction, presumably played little role in the response to the left atrial injections, since the acute hypertension and electrophysiological responses did not occur when serotonin was injected intravenously. This also made unlikely the concomitant activation of any possible chemoreceptors within the pulmonary circulation to explain our present results.
Electrophysiological characteristics of the serotonin chemoreflex were best explainable by simultaneous dual autonomic efferent influence in both the sinus node and the A-V junction. For both regions the effects were almost immmediate in onset and comparatively brief in duration. During the first few seconds, there was a profound vagally-mediated slowing of the sinus node (or of the A-V junctional pacemaker when it was dominant [ fig. 111 49 Under the hypothetical circumstances just described, the hypertension could be expected to end whenever 1) the platelet aggregation stopped reaccumulating, as might occur after a complete occlusion has taken place, or 2) if the local nidus became covered with cells or a substance which no longer caused platelets to aggregate there, or 3) when the chemoreceptor was itself no longer viable. At the other extreme, one may consider whether the postulated chemoreceptor has some tonic influence important to the normal maintenance of blood pressure. If so, then death of the chemoreceptor during some types of acute myocardial infarction may contribute to the pathogenesis of cardiogenic shock. This would be a difficult matter to investigate, since an occlusion which occurred near the ostium of most demonstrated locations of the chemoreceptor artery *Estimating about 300,000 platelets/cu mm, and roughly considering one platelet to be 7 p3 in volume.42 Platelet shape and dimension would of course change during the aggregating process at which time release of the serotonin might occur.
Circulation, Volume 52, August 1975 would also be a proximal left coronary occlusion, with the loss of a very large volume of ventricular myocardium. Either of these consequences (large infarct or chemoreceptor inactivity) could contribute to cardiogenic shock. Teleologically, one might expect that the danger posed by an aggregation of platelets near the origin of the main left coronary artery would be so great that nature might provide a reflex response which could lead to dislodgement or disaggregation of those platelets by a sudden arterial hypertension.
One of the first to recognize the occurrence of unexplained hypertension and tachycardia in some patients with angina pectoris was Sir Thomas Lewis, who coined the colorful and apt term of "vasomotor storms"43 for these events. In preceding discussion we have hypothesized that such hypertension could become sustained by the recurring release of serotonin from reaccumulating aggregates of platelets. However, the mixture of autonomic neural events comprising the vasomotor storm may lead to critical malfunction of the heart during acute myocardial ischemia even if they are only of brief duration. Such events, for example, may account for some otherwise unexplained sudden deaths during myocardial ischemic attacks. 50 These clinical speculations about patients with coronary disease seem Finally, it has recently been observed that many patients undergoing surgical replacement of the aortic valve develop subsequent arterial hypertension. 51 52 This unexpected finding has proven to be clinically important, since medical treatment of the hypertension significantly reduced the incidence of failure by homografted valves.52 Although a number of possible explanations were considered by these investigators, such as the sudden release of a previously pent-up powerful left ventricle, they concluded that the true cause of the hypertension was unknown. Whether either trauma during surgery on the aortic valve or some later postoperative cicatricial process somehow stimulates the cardiac chemoreceptor studied by us is not presently known. But the possibility is as intriguing as it is for a variety of other forms of unexplained hypertension and clearly merits further investigation.
